THE CDF DETECTOR UPGRADES Figure 1 shows the current CDF detector conguration for Run I, and the upgraded conguration for Run II. Figure 2 shows a blow up of the tracking volume and endplug calorimeter for Run II. Each of the detector upgrades will be addressed below, beginning with the innermost elements.
SVX II
The Silicon Vertex Detector (SVX) is used for detecting the rather small track impact parameters induced by the decay path length of beauty and charm hadrons.
The new silicon strip vertex detector (SVX II) will contain several major improvements over the current SVX 0 detector (Table 1) . SVX II will be nearly twice as long as SVX 0 , improving acceptance; SVX II will use the back side of the silicon detectors to obtain stereo measurements of track positions, and thus will measure the impact parameter of tracks in the r z view as well as the r view; and SVX II will have one more layer than SVX 0 . As shown in Figure 3 , there will be three layers of 90 degree stereo, used to give good impact parameter resolution, and two l a y ers of small angle stereo, used to do associate the r z and r views of tracks. Figure 4 shows the calculated impact parameter resolution, which in the upgraded system will be quite good even out to pseudo-rapidity o f 2 .
Intermediate Fiber Tracker IFT A set of cylindrical scintillating ber layers ( Figure 5 ) will be installed at a radius intermediate between the SVX II and the main Central Tracking Chamber (CTC) 1 . The IFT will be built from 54,000 channels of 0.5 mm 1 Since the function of measuring the vertex z position will be taken over by the SVX II, the gas wire chamber which currently serves that function (the VTX) can
Central Muon
Upgrade C e n t r a l Muon Extension diameter scintillating ber connected by clear ber to VLPC photon detectors. It is designed to give 6 axial and 6 small angle stereo measurements on each track, with a resolution of 100 microns per layer. The motivation is twofold. The IFT combined with the SVX II will provide robust tracking for pseudo-rapidities out to jj 2. This coverage matches the longer SVX II coverage; it is well past the ducial area of the CTC (see Figure 4) .
The IFT will work as an inner superlayer in combination with the outer tracker for tracking applications which require the momentum precision of the full tracking volume. This extends the luminosity reach o f the current CTC, where as the luminosity approaches 10 32 cm 2 sec 1 , the inner layers of the CTC are overwhelmed by occupancy. With an eventual CTC replacement, the ber superlayer is a much better match to the granularity required at small radius than a wire based tracking system ( Figure 6 ). The primary job of the IFT will be oine track pattern recognition, but it also provides a fast level 1 tracking trigger.
CTC replacement
With future Tevatron luminosity improvements, as the luminosity increases beyond 10 32 cm 2 sec 1 , e v en the outer layers of the CTC will have unbe removed for Run II. This space can then be used for the ber tracker. A rough`two-track angular resolution' is calculated by taking a) t w o times the axial strip width divided by the radius for the SVX, b) 600 microns (the singlet ber spacing) divided by the radius for the bers, c) the average pulse width divided by the radius for the CTC. The dashed line is meant to set the scale in a dense jet tracking environment; 10% of the time, there will be a second track less than that distance from a high Pt track in top events. acceptable occupancy. Currently, bunch crossings happen every 3.5 microseconds, and there are 3 minimum bias interactions per crossing at 0.2 x 10 32 cm 2 sec 1 . F or Run II the time between bunches will be reduced initially to 396 ns (corresponding to 3 minimum bias interactions per crossing at 10 32 cm 2 sec 1 ), and then to 132 ns (corresponding to 3 minimum bias interactions per crossing at 3 x 10 32 cm 2 sec 1 ). Thus occupancy in the SVX II and IFT can be kept to a reasonable level by increasing the number of bunches, keeping the luminosity per bunch crossing low. However, this strategy does not help the CTC because of its 800 ns drift time. For luminosity above 1 0 32 cm 2 sec 1 , the CTC should be replaced with a device with < 100 ns drift time.
CDF is currently examining two technologies for the CTC replacement chamber. A CTC style chamber with twice the drift velocity and cells one fourth the size of the CTC is one option. An SDC style straw c hamb e r i s t h e other option.
Time of Flight Counters
The advent of photomultiplier tubes that work well in high magnetic elds allows the installation of a simple, high precision time of ight system inside the CDF solenoid. An array of 216 scintillation counters ( will resolve k aons from pions at the 2 level over the momentum range from 0.3 GeV/c to 1.6 GeV/c. In the rapidity range jetaj < 1, 55% of the kaons from B decay are in this momentum range. Hence this detector will signicantly enhance the B physics program of CDF.
Scintillating Tile Calorimeter
The gas calorimeters in the end plug and forward regions of CDF will be replaced with one new scintillation counter based calorimeter. The new system will result in increased compactness, hermiticity, radiation hardness, and speed.
The scintillating tiles are arranged in a projective t o w er geometry. The light is collected with wavelength shifting bers connected to clear bers, which are read out with photomultiplier tubes (Figure 8 ). The electromagnetic section uses lead absorber, and the hadronic section uses iron absorber. The expected EM energy resolution is =E = 17%= p E 1%, and the expected hadronic energy resolution is =E = 80%= p E 5%, where E is in GeV.
At a depth of six radiation lengths inside the EM calorimeter is a shower max detector consisting of two crossed layers of scintillator strips read out with multi-anode phototubes. The position resolution is expected to be about 1.5 mm for 10 GeV electrons.
Muon Chambers
Large sections of the Central Muon Upgrade (CMP) and Central Muon Extension (CMX) were actually in place for Run I (Figure 1 ). The CMP coverage of 70% of the barrel will be increased to 84% for Run II, and the current CMX coverage of 66% of will be increased to 93%.
Moving the forward muon toroid system (FMU) closer to the central detector ( Figure 1 ) will change its coverage from 2:0 < < 3 : 6 t o 1 : 5 < < 3 : 0. This will increase the FMU acceptance for muons from W decays by a factor of 1.5, and the FMU Z ! acceptance by a factor of 1.8. The 1:5 < < 2 : 0 region of the FMU will also benet from the SVX II + IFT tracking capability in that region. 
Electronics, DAQ and Trigger
The change in Tevatron operating conditions from 3.5 microsecond bunch spacing and luminosity o f 2 x 1 0 31 cm 2 sec 1 for Run I to 132 ns bunch spacing and luminosity o f 2 x 1 0 32 cm 2 sec 1 for Run II necessitates almost complete replacement of the front end electronics, DAQ and trigger.
In the current s c heme, a level 1 trigger halts any further data taking until a decision is made concerning an event, and if the event is accepted, data taking halts until that event is completely read out. In the Run II \deadtimeless" scheme (Figure 9 ), the full data from all detector elements from each crossing is kept in a 42-event-deep buer array; events continue to be collected while the level 1 decision is made and the selected events are transferred to level 2 buers. Events then accepted by the level 2 trigger are transferred to a level 3 trigger computer farm. Here, nearly full oine style reconstruction of the event occurs before the nal decision of whether to keep the event is made. The system incurs deadtime only if all of the four level 2 buers are full. Simulations indicate that with a 40 kHz level 1 accept rate, a 20 microsecond level 2 decision time, a 1 kHz level 2 accept rate, and a 500 microsecond event readout time, the livetime is about 90%.
The trigger will also be improved in other ways. For example, the tracking trigger information, which is currently generated at level 2, will be available at level 1 in Run II. And fast SVX track reconstruction, which is not done at all in the current trigger scheme, will be done at level 2, enabling triggers based on track impact parameter.
PHYSICS PROSPECTS
Of the large array of measurements that will be possible in Run II, a few are chosen here to illustrate the physics potential and demonstrate the added capabilities of the upgraded detector.
Top Mass
The current CDF measurement (1) of the top mass is 176 810 GeV/c 2 .
The measurement uses events with a high P t isolated lepton plus four jets, where one of the jets has been tagged as a b-quark jet by looking for a secondary vertex using the SVX detector. Table 2 indicates how the event sample will scale to Run II.
The current statistical error of 8 GeV/c 2 will be reduced to 1 GeV/c 2 using the Run II data. If the systematic errors also all scaled as 1= p n, then an overall error of 2 GeV/c 2 could be achieved. This scaling may w ell be true for several of the systematic errors, where calibration samples will grow also. For example, the calorimeter energy scale for jets can be measured by looking at events were a jet is balanced by a Z 0 or photon, and the W+jets background shape can be taken from Z+jets events. The systematic error which is hardest to estimate at this point is the one due to gluon radiation and the top signal shape. One handle on this is to reconstruct the W mass using the jets in the top events themselves; this should allow one to measure the eect of the out-of-cone corrections. The best current estimate is that the error on the top mass will be somewhere between 3 to 5 GeV/c 2 .
One interesting thing to note is that because of the much larger acceptance of SVX tagging with the tracking upgrades in Run II, there will be approximately 290 lepton plus four jet top events in which both b-quark jets will be tagged. The combinatorics in the top mass t would be much reduced by using this sample, where the jets from the b-quarks are uniquely separated from the jets from W decay. Table 3 shows the contributions to the error estimates for each c hannel, and how they are expected to scale to Run II.
The control samples, such a s J= events to set the momentum scale and Z 0 events to measure the resolution, will grow as fast as the W event samples. Thus substantial reductions are expected for most of the systematic errors. The biggest uncertainty in Run II comes from the theoretical model, dominated by the parton distribution functions. Here, better measurement of the W asymmetry will help. It is also possible to raise the minimum transverse mass used in the t, decreasing the dependence on the parton distribution functions at the expense of some statistical power. 
Indirect measurement of Higgs mass
In the minimal standard model, the top mass, W mass, and Higgs mass are related as shown in Figure 10 . The fact that the point representing the CDF measurements of top mass and W mass lies on the Higgs band is a signicant armation of the standard model. With the more precise measurements in Run II, this will turn into an indirect measurement of the Higgs mass, as also indicated in Figure 10 .
BFt ! W b
The large number of top events which will be available in Run II will allow CDF to do more detailed top physics than just the mass and cross section. For example, by taking the number of tt event candidates with one b-quark tagged jet and the number with two b-quark tagged jets, and using the expected eciencies, CDF can measure the fraction of the time that t decays to b plus a W , v ersus any other quark q. The current preliminary CDF measurement using 67 pb 1 of data in Run II, it is expected that the error on this measurement will be reduced to 3%.
CP Asymmetry in B ! J= K 0 s
The only currently measurable CP asymmetry is in the Kaon system. However, measurable asymmetry is predicted in the B d system. Specically, the asymmetry between the decay rates of B 0 ! J= K 0 s and B 0 ! J= K 0 s is a measure of the \unitarity triangle" angle . The ability to do this measurement depends both on reconstructing the B meson, and on avor tagging it as a B 0 or B 0 by using other information in the event.
CDF has collected a sample of reconstructed B 0 ! J= K 0 s events, where J= ! + , in the current Run I data (Figure 11) . For Run II, we plan to lower the trigger threshold for the from 2.5 GeV/c to 1.5 GeV/c, and use J= !e + e as well. This would result in a sample of 20,000 reconstructed events for an integrated luminosity o f 2 f b 1 in Run II. Table 4 gives a list of avor tagging methods. As shown in the table, the dilution (which measures power of the tagging method after accounting for mistags) has been measured in CDF data samples for two of these methods; measurements are in progress for the other methods.
With 20,000 events, and using only the two measured tagging methods, the error on sin(2) w ould be 0.14. With the other tagging methods included, we expect the error on sin(2) will of order 0.07. CDF also has the possibility of collecting a substantially larger data sample. The estimate above uses only central (jj < 1) di-lepton triggers. By using the new level 2 SVX track reconstruction trigger to require a nite impact parameter, one can handle the trigger rate from triggering on a single central lepton. The use of this larger sample could lower the error on sin(2) to the order of 0.03.
CP Asymmetry in B ! +
The ability to measure the CP Asymmetry in B ! + , which i s a measure of the unitarity triangle angle , depends heavily on many o f t h e detector upgrades.
The current CDF track trigger operates at trigger level 2. Since this nal state does not include any leptons or a distinctive calorimeter signature, we cannot currently trigger on this decay mode at trigger level 1. The Run II upgrade of moving the tracking trigger to level 1 will allow us to trigger on this state by requiring two tracks, each with P t > 2 GeV/c.
The current bandwidth of CDF at level 1 would also be inadequate, but the implementation of the \deadtimeless DAQ" will allow u s t o t a k e the expected rate of 17 kHz at a luminosity o f 1 0 32 cm 2 sec 1 .
Requiring a nite secondary vertex decay distance with the new SVX trigger keeps the rate at level 2 down to an acceptable 20 Hz.
The measurement will also benet from the improved avor tagging abilities mentioned in the previous section.
An additional complication comes from other B backgrounds. The backgrounds due to B d ! K + and B s ! + K , which produce mass peaks 40 MeV/c 2 away from the B ! + peak can be handled because of the excellent mass resolution of the CTC, which is estimated to be about 28 MeV/c 2 for Run II conditions. The dE/dx system of the CTC allows one to statistically separate out B s ! K + K events, which otherwise constitute an irreducible background under the B d ! + peak. The expected error on sin(2) i s 0 : 14 with 2 fb 1 of data in Run II.
SUMMARY
The CDF detectors, front end electronics, DAQ, and trigger are being upgraded to handle the higher luminosity expected in Tevatron Run II. In addition, several capabilities are being added: higher quality calorimetry in the end plug region, tracking in the region 1 < < 2, the ability to measure track impact parameter in the r z plane with the SVX II, the ability to trigger on SVX II r impact parameter, and a time-of-ight system. There is an exciting range of physics that will be accessible with this upgraded detector, and the large data sets that the higher Tevatron luminosity will provide.
